Abstract. Increased interest in the Jerusalem artichoke (Helianthus tuberosus L.) stems from the high level of inulin, a straight chain fructan, found in the tubers that has a number of current and potential industrial applications. Defi ciencies in existing cultivars have underscored the need for a pragmatic breeding program. Since synchronization of fl owering has a pronounced infl uence on genetic crosses that can be made, we assessed the fl owering date and duration of 190 clones with selected clones similarly monitored for two additional growing seasons. Substantial genetic variation in the date and the duration of fl owering were found with the onset of fl owering ranging from 69 to 174 days after planting (DAP). Flowering duration ranged from 21 to 126 days. The onset of fl owering was substantially affected by planting date and to a lesser extent by location. The results suggest that at lower latitudes fl owering date for some clones can be manipulated by planting date; at higher latitudes, growth under controlled conditions may be required to synchronize fl owering of some clones.
Inulin, a β-(2-1) linked straight chain fructan, is found in low levels in a wide cross-section of food crops and in high concentrations in Jerusalem artichoke tubers (Helianthus tuberosus). About 8 to 12 g·d -1 of inulin from a wide variety of sources is consumed in Western diets (Fuch, 1996) . Inulin has four major attributes that have stimulated considerable research in Europe (Fuchs, 1993) . 1) Inulin is a dietary fi ber, the consumption of which confers a number of health advantages [i.e., lowers blood cholesterol level; promotes Bifi do bacteria in the large intestine; reduces blood sugar, low-density lipoprotein, and triglyceride levels; and is benefi cial to certain heart diseases (Farnsworth, 1993; Hirayama and Hidaka, 1993; Sakun, et al., 1996; Varlamova et al., 1996) ]. 2) Inulin is little digested by humans and as a consequence, has potential utility as a bulking agent in low calorie formulated foods. 3) Longer chain length inulin (average dp ~25) can be used for fat replacement in foods. 4) Inulin can be hydrolyzed to produce a high purity fructose syrup which can be used in soft drinks and a wide range of other products. Because of these attributes, production of inulin in Europe has increased in a exponential manner where it is used primarily to produce fructose syrups and as a low-calorie, high-fi ber food additive (Fuchs, 1996) . Inulin is, likewise, a component of a growing number of foods produced and/or marketed in the United States.
The Jerusalem artichoke, native to North America, represents an excellent source of inulin. The crop is not, however, without certain defi ciencies (e.g., tuber size and shape, stolon length, certain leaf and root diseases) which can only be resolved through the development of new cultivars. Synchronization of fl owering between male and female parents in a plant breeding program is, therefore, an essential requisite. Both fl owering and tuberization are modulated by photoperiod and it is interesting to note that some of the early research on photoperiodism used the Jerusalem artichoke as a model (Garner and Allard, 1923) . Subsequently, there have been a diverse array of basic and applied photoperiodic studies on the crop (Allard and Garner, 1940; Czajlachian, 1937; Hackbarth, 1937; Hamner and Long, 1939; Nitsch, 1965; Schiebe and Müller, 1955; Tincker, 1925; Wittenrood, 1950, 1951; Wagner, 1932) .
The critical day length for a cross-section of Jerusalem artichoke clones is between 13 and 13.5 h (Allard and Garner, 1940; Hamner and Long, 1939; Zhou et al., 1984) . Short day clones exposed to photoperiods of ≥14 h stay vegetative. Data on the minimum length of exposure to inductive conditions varies, though a relatively short duration (16 to 17 d) (Hamner and Long, 1939; Zhou et al., 1984) appears to be more likely than longer periods that have been proposed (Schiebe and Müller, 1955) . Both short day and day neutral clones for fl owering have been reported (Hackbarth, 1937) .
Due to the importance of the timing and duration of fl owering in a breeding program, these traits were determined for a large crosssection of Jerusalem artichoke clones. In addition, the developmental sequence and timing of individual fl owers of selected clones are presented. 
Materials and Methods

Results and Discussion
The results demonstrate a tremendous range in fl owering response within the Jerusalem artichoke genepool. Anthesis of the fi rst clone to fl ower (NC10-85) occurred on 24 May, only 62 d after planting (DAP). When plotted as a frequency distribution (Fig. 1) , most clones began fl owering between 1 June (69 DAP) and 15 July (114 DAP). After 15 Aug. (145 DAP), the number of clones fl owering declined markedly. The last clones to fl ower, began fl owering on 13 Sept., 174 d after planting.
The relationship among individual clones in the number of DAP until the onset and completion of fl owering is presented in Fig. 2 . The data illustrate clones in which crosses could be attempted (i.e., both clones in fl ower at the same time) and the time interval over which this could occur. In addition, the approximate time intervals at 33°57' N latitude for crosses between specifi c clones are presented. Clone 1 (NC10-85) had the longest time interval (126 d) during which fl owers were available, while clone 182 ('Cross Bloomless') had the shortest (21 d). Clone 1, with its exceptionally long period of fl owering, could potentially be crossed with each of the other clones in the study. In contrast, clone 75 and clones >172 could not be crossed without artifi cially manipulating the fl owering date in some manner. While all clones began fl owering before the end of the study, some clones were lost before completion of fl owering due to the incidence of Sclerotium rolfsii Sacc. during the latter part of the growing season. The incidence of S. rolfsii in Georgia is common and the organism appears to represent the primary impediment to culture of the Jerusalem artichoke in the southern part of the southeastern U.S. (McCarter and Kays, 1984) . Consequently, it was not possible to determine the fl owering duration for several of the clones listed in Table 1 , however, the timing of the onset of fl owering can be determined from a clones numerical position relative to adjacent clones in Fig. 2 . Table 1 lists the clones in the order of fl owering date (earliest fi rst) and secondarily by the duration of fl owering (shortest fi rst).
A frequency distribution for the duration of fl owering among the clones tested is presented in Fig. 3 
Some variation in fl owering response was found among several clones listed as the same cultivar. For example, clones 19, 39, and 83 which were identifi ed as 'Fuseau', differed in the timing of the onset of fl owering by 28 d and the completion of fl owering by 14 d. There are several possible explanations for this variation. The Jerusalem artichoke has been used and improved much more extensively in Europe than in North America, its site of origin. During the last 400 years, desirable clones have been moved extensively from one country to another, starting with the fi rst introduction of the crop into France in 1607 (Lescarbot, 1609) . As clones are moved into locations with different languages, there is a tendency to rename them. This also occasionally occurs when commercial sources of propagation material desire a unique name for marketing purposes. In addition, selection pressure on a clone grown in diverse environments can, over a number of generations, result in a shift away from the original type. This is a common occurrence in the sweetpotato [Ipomoea batatas (Lam.) L.], another asexually propagated crop (Villordon and LaBonte, 1996) . As a consequence, the authenticity of a clone is not always defi nitive and the uniqueness and degree of relatedness of individual clones tested await amplifi ed fragment length polymorphism analysis or another molecular means of assessment.
Control of fl ower induction varies depending upon the type of photoperiodic response operative within the clone (i.e., short day verses day neutral) as well as other factors. Thus, when a diverse cross-section of the germplasm is assessed, a wide range in fl owering dates can be found (Fig. 2) . Current thinking is that the early fl owering clones represent day neutral types in which the induction of fl owering is controlled by the stage of development of the plant (Denoroy, 1996) rather than photoperiod. In contrast, short day (late fl owering) clones are dependent upon receiving the appropriate photoperiodic response (Hackbarth, 1937; Steinrücken, 1984; van de Sande Bakhuyzen and Wittenrood, 1950; Zhao et al., 1984) .
In addition to the photoperiodic response, the date of fl owering for individual clones will vary depending upon geographical location, timing of planting, production conditions, and other factors. Geographic location affects both the photoperiod as well as production conditions. Helianthus tuberosus is thought to have originated in the more northern latitudes of the United States where the photoperiod is favorable for extensive stem growth during the summer (long days) and is followed by photoperiods conducive to fl ower and tuber formation in the fall. Thus the location where the crop is grown has a signifi cant impact of its development since long day conditions favor development of aerial plant parts. At mid-June the photoperiod at 60° N is >18 h, at 40° N 15 h, at 26° N 13.5 h, and at the equator 12 h. By October however, the light period has decreased to only 9.5 h at 60° N (10.5 h at 40° N; 11 h at 26° N) but remains 12 h at the equator. As Table 1 ). Clones in which the duration of fl owering is missing succumbed to Sclerotium rolfsii Sacc. before fl owering was complete. the production area moves progressively away from the equator, the amount of carbon fi xed per day during the summer increases due to the longer photoperiod while the length of the growing season decreases. The photoperiod and length of the growing season at higher latitudes can result in short day (late fl owering) clones failing to fl ower, hence the name 'Cross Bloomless' (clone 182). When grown in the southeastern United States, the clone fl owers normally, though late in the season (Fig. 2) . When contrasting the date of fl owering among years ( Georgia (1997) . If early fl owering clones are in fact day neutral and fl owering date is determined by heat units, then it is doubtful that fl owering would be shifted so much later. The results suggest that there is a range in day length requirements and when planted early enough under conditions conducive to rapid growth, the plants reach a photoreceptive stage while the day length is still suffi ciently short for photoinduction. The net effect is early fl owering when planted early enough under photoinductive conditions but delayed fl owering when planted later or under less favorable growing conditions. Regardless, it is evident that additional research is needed to clarify the mechanism(s) operative.
The results indicate the presence of a considerable genetic variation in the date of fl owering among a large segment of the Jerusalem artichoke germplasm and in the duration of the fl owering period. The date of fl owering also appears to depend on the timing of planting and/or rate of growth early in the season relative to the photoperiod. Though dates for fl owering reported are specifi c for the test location, they give an indication of the timing and potential interrelationship among clones when grown elsewhere. The date of fl owering of some clones can be manipulated in lower latitudes by planting date while higher latitudes require growing under controlled conditions to synchronize fl owering. 
